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(m) Exhaust particulate filter for diesel engine. 

(5?) An exhaust particulate filter for a diesel en- 
gine which is high in the collecting efficiency of 
exhaust particulates and small in the pressure 
loss, by using a felt-like body having pores of an 
optimum inner diameter between heat resistant 
inorganic lengthy fibers. Wire nets (31) formed 
of heat resistant metal are put upon both upper 
and lower surfaces of a felt-like body (32), which 
are arrested from both the surfaces thereof by 
heat resistant yam (33), said felt-like body (32) 
being configured such that heat resistant inor- 
ganic lengthy fibers cut into a predetermined 
length are irregularly oriented in a horizontal 
direction and laminated to which needles are 
applied and said inorganic lengthy fibers are 
vertically entangled. 



FIG. 3 
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The present invention relates to an exhaust par- 
ticulate (finely-divided) filter for a diesel engine, and 
particularly to an exhaust particulate filter using heat 
resistant inorganic lengthy fibers. 

Exhaust particulate filters for collecting exhaust 
finely-divided particular such as graphite called "par- 
ticulate" in exhausts from the diesel engine so far 
known include a filter using a porous honeycomb 
body formed of cordilite ceramics and silicon carbide, 
a filter using a foam-like pore body of ceramics and 
a filter using a woven fabric formed of inorganic fib- 
ers. 

Reproducing methods of the exhaust particulate 
filter formed of ceramics include a method for igniting 
and burning the exhaust particulate collected on the 
surface by a flame of a burner, a method making used 
of combustion propagation, and a method for igniting 
and burning the particulates by electric heat. Af urther 
method comprises causing air flow against the ex- 
haust flow in the exhaust particulate filter, removing 
the exhaust finely-divided particulates collected on 
the surface of the exhaust particulate filter and there- 
after burning the particulates. 

The above-mentioned exhaust particulate filter 
formed of ceramics is necessary to have a relatively 
wide surface area corresponding to the exhaust flow 
rate of the diesel engine since pores formed in the 
surface on which the exhaust particulates are collect- 
ed are smaller than the exhaust particulates. In the 
above-mentioned exhaust particulate filter, when the 
exhaust particulates are collected on the surface of 
the exhaust particulate filer, the pores of the exhaust 
particulate filter become smaller and smaller so that 
the exhaust particulates are accumulated on the sur- 
face of the exhaust particulate filter, and the pressure 
loss caused by the fluid resistance of the exhaust par- 
ticulate filter abruptly increases. Further, in portions 
where the exhaust particulates are abnormally accu- 
mulated when the exhaust particulate filter is repro- 
duced due to the combustion, a combustion temper- 
ature is 1400' C, resulting in a breakage or melting of 
the exhaust particulate filter. Even if the combustion 
temperature is below 1400 C, the combustion propa- 
gation is not uniformly performed, and the exhaust 
particulate filter is sometimes cracked due to the 
thermal stress. 

Further, the exhaust particulate filter formed of 
inorganic fibers is necessary to have a wide surface 
area since the filter collects the exhaust particulates 
on the surface thereof. 

In view of the above-mentioned problem, an ob- 
ject of the present invention is to provide an exhaust 
particulate filter for a diesel engine which is high in the 
collecting efficiency of exhaust particulates and small 
in the pressure loss, by using a felt-like body having 
pores of an optimum size between heat resistant in- 
organic lengthy fibers. 

For achieving the above-described object, the 



present invention provides an exhaust particle filter 
for a diesel engine characterized in that wire nets 
formed of heat resistant metal are put upon both up- 
per and lower surfaces of a felt-like body, said felt-like 
5 body being configured such that heat resistant inor- 
ganic lengthy fibers cut into a predetermined length, 
irregularly oriented in a horizontal direction and lam- 
inated and said inorganic lengthy fibers are vertically 
entangled by applying needles. 
io The present invention also provides an exhaust 

particulate filter for a diesel engine characterized in 
that wire nets formed of heat resistant metal are put 
upon both upper and lower surfaces of a felt-like 
body, which are arrested from both the surfaces 
15 thereof by heat resistant yarn, said felt- 1 ike body be- 
ing configured such that heat resistant inorganic leng- 
thy fibers cut into a predetermined length are irregu- 
larly oriented in a horizontal direction and laminated 
to which needles are applied and said inorganic leng- 
20 thy fibers are vertically entangled. 

In accordance with the preferred embodiments of 
the invention, the felt-like body having pores having 
an optimum inner diameter between the heat resis- 
tant inorganic lengthy fibers efficiently collects the 
25 exhaust particulates not only on the surface thereof 
but also on the portions internally of the surface. 

With respect to the heat resistant wire nets put 
upon the both surfaces of the felt like body, the wire 
nets are energized to thereby burn the collected ex- 
30 haust particulates. 

Embodiments of the present invention will now 
be described by way of example only with reference 
to the accompanying drawings, in which:- 

Fig. 1 is a side view showing a schematic conf ig- 
35 u ration of an exhaust purifying apparatus for a 

diesel engine using an exhaust particulate filter 

according to the present invention; 

Fig. 2 is a sectional view in side of the exhaust 

purifying apparatus; 
40 Fig. 3 is a sectional view in side of the exhaust 

particulate filter in the exhaust purifying appara- 
tus; 

Fig. 4 is a diagram representative of characteris- 
tics of the exhaust particulate filter; and 
45 Fig. 5 is a diagram representative of characteris- 

tics of the exhaust particulate filter. 

Description of Reference Numerals 

so 16, 22: exhaust particulate filter 31: wire net 32: felt- 
like body 33: yarn. 

Fig. 1 is a side view showing a schematic config- 
uration of an exhaust purifying apparatus of a diesel 
engine using an exhaust particulate filter according to 

55 the present invention; and Fig. 2 is a sectional view 
in side of the exhaust purifying apparatus. As shown 
in Fig. 2, the exhaust purifying apparatus comprises 
a thermal insulating material 6 attached to an inner 
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peripheral surface of a tubular vessel 5 V a tubular ex- 
haust particulate filter 16 formed of porous metal 
(metal foam) disposed on the diametrically central 
part, a bulkhead tube 23 disposed on the outer per- 
ipheral side of the exhaust particulate filter 16, and a 
double-tube type exhaust particulate filter 22 formed 
of inorganic lengthy fibers disposed in an annular 
space between the vessel 5 and the bulkhead tube 
23. Alternatively, the exhaust particulate filter 22 can 
be constructed such that a plurality of elongated cup- 
like elements are disposed at peripheral equal inter- 
vals in the annular space between the vessel 5 and 
the bulkhead tube 23. The exhaust particulate filter 
1 6 and the bulkhead tube 23 are supported on an an- 
nular plate 21 disposed at an inlet end (a left end) of 
the vessel 5. The double-tube type exhaust particu- 
late filter 22, right end wall 25 of which is closed is also 
supported in its left end by the annular plate 21 , which 
is provided with a number of openings at peripheral 
equal intervals in communication with a left end inlet 
24 of the exhaust particulate filter 22. 

A tube 12 is connected to the exhaust particulate 
filter 16, and a butterfly bypass valve 14 is rotatably 
supported interiorly of the tube 12 by a support shaft 
15. The support shaft 15 is extended externally, to 
which is connected a lever 51. As shown in Fig. 1, the 
lever 51 is connected to a plunger 52 of an electro- 
magnetic actuator 53. 

A tube 17 is connected to the end at downstream 
of the exhaust particulate filter 16, and an relief valve 
1 9 formed from a disk for opening and closing the end 
of the tube 1 7 is pulled by the force of a spring 1 8 into 
contact with the end of the tube 17. The left end of the 
vessel 5 is connected to an inlet tube 2 through a con- 
ical tube 3, and the inlet tube 2 is connected in its 
flange 2a to the end at upstream of an exhaust pipe. 
The right end of the vessel 5 is connected to an outlet 
tube 8 through a conical tube 7, and the outlet tube 
8 is connected in its flange 8a to the end at down- 
stream of the exhaust pipe in communication with an 
exhaust muffler. 

The conical tube 3 supports electrodes 41, 42 
and 43 through insulators, and the conical tube 7 like- 
wise supports an electrode 44. The electrodes 43 and 
41 are caused to energize the wire nets put upon the 
inner surface of the exhaust particulate filter 22, and 
the electrodes 42 and 44 are caused to energize the 
wire nets put upon the inner surface of the exhaust 
particulate filter 16 to burn the exhaust particulates 
collected by the exhaust particulate filters 16 and 22 
and reproduce the exhaust particulate filters 16 and 
22. 

In the above-mentioned exhaust particulate filter 
for a diesel engine, when the exhaust flow rate is less 
than a middle level, the bypass valve 14 is closed as 
shown in Fig. 2. The exhaust gas enters into the dou- 
ble-tubular exhaust particulate filter 22 via the conical 
tube 3 from the inlet pipe 2 and is filtered the partic- 



ulates when the exhaust gas pass through the ex- 
haust particulate filter 22 diametrically inward or dia- 
metrically outward. The filtered exhaust gas flow into 
the exhaust muffler via the conical tube 6 and the out- 

5 let tube 8. 

When the exhaust flow rate is in excess of a mid- 
dle level, the electromagnetic actuator 53 is excited 
by an output of an electrocont roller 54 on the basis of 
a signal from a sensor 55 for detecting the exhaust 

10 flow rate. The plunger 52 of the electromagnetic ac- 
tuator 53 extends leftward, and the bypass valve 14 
rotates clockwise about the support shaft 25 and 
opens. At this time, the half of the exhaust flow rate 
passes through the exhaust particulate filter 22 and 

15 flows into the outlet tube 8 via the conical tube 7 as 
previously mentioned. When the remaining portion of 
the exhaust gas flow rate passes the exhaust partic- 
ulate filter 16 diametrically outward, the particulates 
contained therein are filtered. The filtered exhaust 

20 gas flows into the outlet tube 8 via the bulkhead tube 
23 and the conical tube 7. When the exhaust flow rate 
is less than a middle level, the electromagnetic actua- 
tor 53 is deenergized, and the plunger 52 moves right- 
ward so that the plunger 14 is closed. 

25 When exhaust pressure in the exhaust particu- 

late filter 16 rises due to the clogging of the exhaust 
particulate filter 16, the relief valve 19 is opened 
against the force of the spring 18 to prevent the ex- 
haust particulate filters 16 and 22 from being dam- 

30 aged. At this time, a part of the exhaust gas directly 
flows into the outlet tube 8 from the interior of the ex- 
haust particulate filter 1 6. When the exhaust pressure 
in the exhaust particulate filters 16 and 22 rises, the 
electrodes 43 and 41 are energized by the output of 

35 the electrocont roller 54 on the basis of a signal from 
a sensor 56 for detecting the exhaust pressure in the 
exhaust particulate filters 16 and 22. 

That is, there is formed an energization circuit 
from a power supply, the electrode 43, the wire net of 

40 the exhaust particulate filter 22, the electrode 41 , to 
the power supply. When the wire net is heated, the ex- 
haust particulates such as graphite collected on the 
surface of the exhaust particulate filter 22 are burnt, 
and the exhaust particulate filter 22 is reproduced. At 

45 the same time, there is formed an energization circuit 
from a power supply, the electrode 42, the wire net of 
the exhaust particulate filter 16, the electrode 44, to 
the power supply. When the wire net is heated, the ex- 
haust particulates such as graphite collected on the 

50 surface of the exhaust particulate filter 16 are burnt, 
and the exhaust particulate filter 16 is reproduced. 
When the exhaust pressure in the exhaust particulate 
filter 16 is below a predetermined value, the relief 
valve 19 receives the force of the spring 18 and 

55 closes, and the energization to the exhaust particu- 
late filters 22 and 16 are cut off. 

As shown in Fig. 3, according to the present in- 
vention, for the purpose of improving the collecting 
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efficiency of the exhaust particulates of the exhaust 
particulate filters 22 and 16, particularly, the exhaust 
particulate filter 22 used in the whole running area of 
the engine, the exhaust particulate filter 22 is con- 
structed such that energizing wire nets 31 are put 
upon both surfaces of a felt-like body 32 formed of 
heat resistant inorganic lengthy fibers, which are ar- 
rested by yarn 33. The inorganic lengthy fibers are 
formed of Si-Ti-C-0 ceramics, Si-C-0 ceramics, Si-N 
ceramics or Si-0 ceramics and metal, and the surface 
of the inorganic lengthy fibers is coated with silicon 
carbide, aluminum or alumina. Metals which consti- 
tute the wire net 31 used include nickel, nickel alloy, 
tungsten, tungsten alloy, Fe-Cr-AI alloy and/or Fe-Cr- 
Al-Y alloy. 

In the fabrication of the felt-like body 32, the in- 
organic lengthy fibers are irregularly oriented hori- 
zontally by a carding machine, laminated and entan- 
gled each other, and then the fibers are applied nee- 
dles so as to vertically entangle (thicknesswise) the 
inorganic lengthy fibers. Adequate outside diameter 
of the inorganic lengthy fibers is 8 to 15 }im, and 
length thereof is 30 to 100 mm. If the inorganic lengthy 
fibers are laminated in the thickness of 2 to 1 0 mm 
and then applied with needles at intervals of about 4 
mm, elongated complicated pores enough to arrest 
the exhaust particulates having 98 to 96.5% of the 
pressure loss of the exhaust particulate filter ratio of 
voids are formed between the inorganic lengthy fib- 
ers. When the inorganic lengthy fibers are shorter 
than a predetermined dimension, poor entangling oc- 
curs, whereas when too long, the fibers are difficult 
to be irregularly oriented horizontally. Adequate spac- 
ing of needle-application is about 4 mm and can be 
adjusted according to the thickness of lamination of 
the inorganic lengthy fibers. When the thickness of 
the felt-like body 32 is less than 2 mm, the exhaust 
particulates pass through stopping, whereas when 
the thickness thereof exceeds 10 mm, the ratio of 
voids descrease, the collecting efficiency lowers, and 
the reproducing time becomes long. 

Example 1 

Inorganic lengthy fibers (Product name: Tyrano 
fibers) formed of elements of silicon, titanium, car- 
bon, and oxygen having an outside diameter of 8.5 u. 
m are cut into the length of 50 mm, and the thus cut 
inorganic lengthy fibers are irregularly oriented hori- 
zontally by a carding machine, entangled and lamin- 
ated so as to have a uniform thickness. Subsequent- 
ly, needles were applied vertically (thicknesswise) at 
intervals of 4 mm, and the inorganic lengthy fibers 
were drawn up from the back and from an intermedi- 
ate layer to form a felt-like body. 3 5- mesh wire nets 
formed of Fe-Cr-AI-Y alloy was put upon both surfac- 
es of the felt-like body formed of the inorganic lengthy 
fibers to form a double-tubular exhaust particulate fil- 



ter. Many felt-like bodies were fabricated whose 
amount of needling, "Metsuke", caused by application 
of needles are 100, 150, 200, 250 and 300 g/m2, 
thickness is 3 mm, and ratio of voids are 98.7 to 
5 95.7%. 

Figs. 4 and 5 show the characteristics of the felt- 
like bodies. When the ratio of voids of the exhaust 
particulate filter rise, the collecting efficiency of the 
exhaust particulates lowers. When the amount of 
10 needling caused by application of needles increases, 
the pressure loss of the exhaust particulate filter also 
increases. It is desired that presently allowable pres- 
sure loss of the exhaust particulate filter in the diesel 
engine is about 150 mmHg, and the collecting ef fi- 
ts ciency of the exhaust particulates is 50% or more. 
However, since the felt-like body formed of inorganic 
lengthy fibers according to the present invention is 
high in the ratio of voids, less pressure loss occurred, 
and the collecting efficiency of the exhaust particu- 
20 lates was about 90%. The reason why is that a dense 
portion of fibers and a coarse portion of fibers are 
present in the mixed form in the felt-like body formed 
of inorganic lengthy fibers, and large exhaust partic- 
ulates are collected in the coarse portion of fibers 
25 close to the surface and small particulates are collect- 
ed in the dense portion of fibers internally of the sur- 
face. 

According to the observation of the mode of the 
exhaust finely divided particulates collected, the ex- 

30 haust particulates are collected even in the portion in- 
ternally of the whole surface of the exhaust particu- 
late filter, which is different from the conventional 
honeycomb type in which the exhaust particulates 
are collected only in the surface. Since the exhaust 

35 particulates can be collected not only from the sur- 
face but also from the interior, the surface area of the 
exhaust particulate filter can be made approximately 
1/3 as narrow as that of the conventional honeycomb 
type. 

40 The aforementioned exhaust particulate filter 

was used to repeatedly collect the exhaust particu- 
lates, and the reproduction thereof was carried out. 
As a result, it has been made sure that even in repeat- 
ed (500 times) tests, the reproduction with complete 

45 combustion of exhaust particulates was obtained, no 
pressure loss occurred, and 90% of collecting effi- 
ciency of the exhaust particulates could be main- 
tained. This was excellent as compared with 50% of 
collecting efficiency obtained by the conventional ex- 

50 haust particulate filter. 

The present invention provides an exhaust par- 
ticulate filter for a diesel engine in which wire nets 
formed of heat resistant metal are put upon both up- 
per and lower surfaces of a felt-like body, which are 

55 arrested from both the surfaces thereof by heat resis- 
tant yarn, said felt-like body being configured such 
that heat resistant inorganic lengthy fibers cut into a 
predetermined length are irregularly oriented in a hor- 
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izontal direction and laminated to which needles are 
applied and said inorganic lengthy fibers are vertical- 
ly entangled. Therefore, the particulates are collected 
not only from the surface but from the interior of the 
felt-like body formed of the inorganic lengthy fibers, 
whereby the collecting efficiency of the exhaust par- 
ticulates is high and the pressure loss is small. 

Claims 

1 . An exhaust particle filter for a diesel engine char- 
acterized in that wire nets formed of heat resis- 
tant metal are put upon both upper and lower sur- 
faces of a felt-like body, said felt-like body being 
configured such that heat resistant inorganic 
lengthy fibers cut into a predetermined length, ir- 
regularly oriented in a horizontal direction and 
laminated and said inorganic lengthy fibers are 
vertically entangled by applying needles. 

2. -An exhaust particulate filter for a diesel engine 
characterized in that wire nets formed of heat re- 
sistant metal are put upon both upper and lower 
surfaces of a felt-like body and are arrested with 
said felt-like body from both the surfaces thereof 
by heat resistant yarn, said felt-like body being 
configured such that heat resistant inorganic 
lengthy fibers cut into a predetermined length are 
irregularly oriented in a horizontal direction and 
laminated to which needles are applied and said 
inorganic lengthy fibers are vertically entangled. * 

3. The exhaust particulate filter for a diesel engine 
according to claim 1 or 2, wherein an outside di- 
ameter of said inorganic lengthy fibers is 8 to 15 
li m and a length thereof is 30 to 100 mm. 



7. The exhaust particulate filter for a diesel engine 
according to any foregoing claim, wherein said 
wire net in at least one surface of said felt-like 
body is provided at opposite ends thereof with en- 

s ergizable electrode terminals. 

8. The exhaust particulate filter for a diesel engine 
according to any foregoing claim, wherein said 
felt-iike body is formed in a manner such that the 

10 inorganic lengthy fibers are three-dimensional 

entangled by carding and then applied with nee- 
dles thereto, and the inorganic lengthy fibers are 
vertically entangled. 



15 9. An exhaust particulate filter for a diesel engine, 
the filter comprising a tubular filter body compris- 
ing inner and outer heat-resistant wire nets and 
a felt-like body sandwiched therebetween, the 
felt-like body being composed of non-woven heat 

20 resistant inorganic fibres. 

10. An exhaust particulate filter according to claim 9, 
further comprising a tubular vessel having an ex- 
haust inlet and an exhaust outlet and within which 

25 the filter body is mounted, a valve for controlling 

the proportion of the exhaust gas which in use is 
caused to pass through the filter body and at least 
one electrode for electrically energising at least 
one of the wire nets thereby to burn particulate 

30 material collected thereon, the at least one elec- 

trode being energised responsive to detection of 
exhaust gas pressure in the filter. 



4. The exhaust particulate filter for a diesel engine 
according to any one of claims 1 to 3, wherein 40 
said felt-like body formed from said inorganic 
lengthy fibers has 2 to 10 mm of thickness, and 

98 to 96.5% of voids. 

5. The exhaust particulate filter for a diesel engine 45 
according to any foregoing claim, wherein said in- 
organic lengthy fibers are such formed that at 
least one out of silicon carbide, aluminum and 
alumina is coated to the surface of the fiber se- 
lected out of Si-Tl-C-0 ceramics, Si-C-0 ceram- so 
ics, Si-N ceramics, Si-0 ceramics and metal. 

6. The exhaust particulate filter for a diesel engine 
according to any foregoing claim, wherein a spac- 
ing between the wire nets disposed on the upper 55 
and lower surfaces of said felt-like body is 2 to 1 0 
mm. 



5 



EP 0 679 799 A2 



FIG. I 




FIG. 2 




43 



6 



EP 0 679 799 A2 



FIG. 3 




thickness of felt-like body 3 

— i 1 ! I | x 

95 96 97 98 99 



ratio of voids (%) 



« 



• 



EP 0 679 799 A2 



0) 



a) 5 

co t: 

CO § 

2 * 



200 



a. 0) 
O £ 

_ *h 150 



« « 100 



50 



F/G. 5 




quantity of exhaust 
3 

is 20 m /min . and quan- 
tity of collected exhaust 
particulates is 45 g/m 2 



100 150 200 250 300 



amount of needling (g/m 2 ) 



8 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

BLACK BORDERS 
y( IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
j& FADED TEXT OR DRAWTNG 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

# COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



